Summary. The HLA antigen combination A9, Bw16 has been found to be associated with Type 1 (insulin-dependent) diabetes characterized by some special features in Northern Finland. This antigen combination has now been associated with a 'new' DR4-associated D antigen, provisionally called 'JA' or 'SN'. This 'new' D specificity was also associated with HLA-B18. Although the combination, Dw3/DJA, was common in Type 1 diabetic patients, the frequency of the combination Dw4/DJA was decreased compared with the expected value. This supports the hypothesis of two different risk factors associated with DR3 and DR4.
specificity ('JA').
In Northern Finland, Type 1 diabetes is strongly associated with HLA-B8/Dw3 and B15/Dw4 antigens [i], as is usual in Northern Europe [2] , except that in Northern Finland, there is also an increased frequency of A9, Bw16 among patients with Type 1 diabetes. These antigens (more specifically Aw24 and Bw39) are in strong linkage disequilibrium in Finnish and most other Caucasoid populations [3] . The A9, Bwl6 antigen combination was found to be particularly associated with familial cases of Type 1 diabetes [4] , and patients with these antigens were characterized by either the absence or a short duration of detectable islet cell antibodies [5] . This haplotype was not associated with either Dw3 or Dw4, but with a 'blank' D-allele. Further, the patients with this A9, Bwl6, D( -)-combination and also patients with the Dw3/Dw4 combination had an earlier age of onset of diabetes compared with other patients [6] . We now describe a 'new' HLA-D specificity associated with this antigen combination and with DR4.
Subjects and methods

Patients
HLA typing results of 161 Type 1 diabetic patients from the Departments of Paediatrics from four university hospitals in Finland (Oulu, Tampere, Helsinki and Kuopio) have been used.
Control subjects
Healthy laboratory personnel and blood donors from the city of Oulu were used as the control group together with a study group of rubella sero-negative mothers and students who were found to have no differences in their HLA frequencies compared with normal subjects. The total number of control subjects was 89.
HI_,A-typing
HLA-A, -B and -C antigens were determined by a two-stage microlymphocytotoxicity test [7] . HLA-D typing was carried out using local homozygous typing cells. The panel used consisted of two to four parallel cell preparations for the determination of Dwl-Dw5 and one cell preparation for Dw6 and the 'new' antigen, 'JA'. 'Doubly normalized' values accounting for variation of stimulating and responding cells were calculated according to Mendell et al. [8] , and the antigen was considered to be present when the mean response to the cell typing for the specificity was below 50.
HLA-DR typing was carried out from cell preparations depleted of T cells using 2-aminoethylisothiouriumbromide hydrobromidetreated sheep red blood cells [9] . Serum panels (purchased from the UCLA Tissue Typing Laboratory, Los Angeles, California, USA) were used according to the standard method with a 1-h incubation followed by 2-h incubation with complement, after which eosin and formalin were added and trays read by phase contrast microscopy.
Stat&tical analyses
The Z 2 test with Yates's correction was used in comparisons. Gene frequencies were calculated by the formula p = 1-VI-a where a is the phenotype frequency.
Results
One patient (JA) with Type 1 diabetes was found to have cells homozygous for the HLA-D-locus. The homozygosity of the A9, Bw16, C-, D-haplotype was The HLA-A and -B association of'JA' in Type I diabetic patients is shown in Table 1 . In the Type 1 diabetic patients, the frequencies of A9, Bwl6 and B18 were significantly increased among patients with 'JA'. B40 was also more common, although the difference was not significant. In the small group of 'JA'-positive control subjects, all these antigens were also more common than in 'JA'-negative patients, although B5, B12 and B27 were also found with increased frequency. Of the 16 patients with both A9 and Bwl6 antigens, 12 (75%) were positive for 'JA', as was one control subject with this antigen combination. The combination of Dw3 and 'JA' was found in 12 Type 1 diabetic patients, when the expected value calculated[ from phenotype frequencies was 6.07 (Z 2 = 5.79; p < 0.05). On the other hand, the combination of Dw4 and 'JA' was rare; only two patients had this combination (expected value 10.30, Z 2 = 6.69; p< 0.01).
HLA-DR typing was carried out in ten of the 'JA'-positive patients and in two 'JA'-positive control subjects. Nine of the patients and both control subjects were positive for DR4, indicating an association between these antigens. Linkage could be assumed on the basis that combinations of two strongly correlating D-DR antigens were also found, namely Dwl/DR1 in both control subjects and Dw3/DR3 in three Type 1 diabetic patients.
Discussion
The organization of the HLA-region in the human major histocompatibility complex is still largely unknown and the relationship between D antigens determined by homozygous typing cells and DR antigens determined serologically by r-cell specific antisera remains unclear. The presence of corresponding major D and DR antigens is strongly correlated in Caucasoid populations, but DR4 is associated not only with Dw4 but also with a group of less well defined D-specificities which cover about one-third of DR4-positive subjects [10, 11] .
The first studies in which the D-locus association of Type 1 diabetes was established were carried out with homozygous typing cells [12] . Subsequent studies, including the Eighth Histocompatibility Workshop, have mainly been done with DR typing [13] . The association with DR3 and DR4 antigens has been revealed in several populations but only a few studies have been carried out with both cellular and serological methods. The study of Platz et al. [14] in a Danish population suggests that the DR4 association is the primary one.
We now describe the D/DR association of an HLA haplotype which we showed earlier to be associated with some specific characteristics of Type 1 diabetes. The earlier mentioned 'blank' allele of the D-locus is usually DJA-SN in the A9, Bw16 haplotype and is further associated with DR4. Thus, our results are in accordance with the findings of the Danish group, showing that DR4 is more strongly associated with Type 1 diabetes than is Dw4. Further, the comparisons of frequencies of D antigens found in combination with 'JA' suggest that JA and Dw4 are associated with the same risk factor, because the combination of both does not appear with increased frequency. Most probably, this factor is DR4, or one strongly associated with it. The increase of Dw3 in combination with 'JA' is clearly apparent, and this again supports the view of different risk factors associated with DR3 and DR4, showing increased disease risk when found together, whereas homozygosity for only one does not add to the risk over the heterozygous form.
In an earlier study, when we tried to localize the risk factor in the A9, Bw16 haplotype, we found that both of these antigens were risk factors, but only when associated with each other [4] . The present study suggests that DR4 is the risk factor associated with the haplotype and JA, perhaps, does not carry any additional risk. However, as A9, Bw16 was associated with specific features of the disease, it is still possible that the haplotype is associated with additional risk factors or disease course modifying factors. 'JA' was also found in association with B18 and perhaps with B40, both of which have been associated, in some populations, with increased risk of Type 1 diabetes, although not in the Finnish seties. Both associations are currently considered to be secondary to DR associations, but the particular role of the B18-associated B1F1 allele has been a target of wide interest. We suggest that the search for HLA-associated heterogeneity within Type I diabetes should not be concentrated on only the strongest risk factors (DR3 and DR4), but that haplotype analysis should also be performed.
